Abstract-
a large border in common, competing directly in the same socioeconomic and edaphoclimatic conditions, and the logistics of transportation and sales of its products in the rural environment [5] . [16] found a cost of production of bananacultivated with coffee in Ivinhema, MS, Brazil, in the implantation phase (Year 1) of R$ 15,758.26, in the formation phase (Year 2) of R$ 8,127.90 and production (Year 3) of R$ 10,146.31. The authors argue that the intercropping of banana coffee in the agroecological system is economically efficient.
For banana from the type Cavendish cultivated in Araçatuba, SP, Brazil, [4] found a total operational cost (implementation cost + cost of production) of R$ 14,806.85, gross income of R$ 16,660.00, total operating profit of R$ 2,425.27, balance price of R$ 0.41/kg, and a profitability index 0.15 and return rate of 1.17 [8] .
We aim, with this work evaluate the economic viability and develop a multivariate analysis of banana crop data cultivated in the Brazilian Northeastern semiarid region.
II. MATERIAL AND METHODS
The economic and multivariate analysis of the banana crop was carried out to obtain the degree of competitiveness between treatments in two experiments. The experiments were realized in the region named Chapada do Apodí, in the semi-arid of the Brazilian Northeast. The climate of the region is classified as hot and dry, type BSwh' according to Köppen classification.
The first experiment was carried out at the Experimental Farm Rafael Fernandes (Mossoró Municipality/RN) (5º03'36.7"S and 37º24'6.6"W) to test the behavior of banana cultivars propagated in agroecological system. The second one was carried out at Fazenda Terra Santa (Municipality of Quixeré/CE) (5°05'07.57"S and 37°51'51.59"W) to test the behavior of banana cultivars propagated in conventional system of crop production.
For economic analysis we adopted a disseminated methodology in scientific research, as recommended by [15] , observing parameters demonstrated by [13] , [12] and [10] . The analysis of income, through indexes of economic result, served to verify the efficiency of the administrator and his work force.
We randomly selected the treatments between bananas from the types Pacovan and Prata-anã. For treatments with "Pacovan" cultivar, we choose seedlings with a mean weight greater than 1.0 kg, propagated by rhizomes with and without 'ceva' 3 , both in the agroecological and conventional system. For the cultivar "Prata-anã", we selected seedlings with an average weight higher than 1.5 kg, propagated by rhizomes with and without 'ceva', both in the agroecological and the conventional system.
For the treatments in the agroecological system, the sampling of unities for the rhizome propagation with "ceva" was realized through the removal of the rhizome tiller from the selected cultivar for propagation in the study areas of the farm. The leaves were removed, and the seedling conditioned in a greenhouse covered by a shade cloth for a period of 15 days. One day before the final transplanting, the seedling was prepared, performing the scraping of the rhizome with a knife, eliminating the excess roots and removing the necrotic parts. The rhizomes were weighed and separated for the treatments of each cultivar. Seedling management was also used for the rhizome propagation of the experiments without "ceva".
The sampling of seedlings for rhizome propagation with "ceva" for the conventional system treatments was done by removing the rhizome tiller of the selected cultivar in the cultivated areas of the farm. The seedlings were laid to rest under shade field conditions at the soil surface. One day before its final transplanting the seedlings were prepared to eliminate the leaves and excess of roots. The rhizomes were then immersed in a solution with the active ingredient carbofuran in liquid form at 1%, dissolved in water for a period of approximately 15 minutes. The same procedure was used for the treatments for propagation by rhizome without "ceva" and the procedure of seedlings harvesting similar to that of agroecological management.
We used a randomized block design in a factorial scheme of 2 x 2 x 2, and four replicates by treatment. Therefore, we used three factors with two levels each: cultivars (Pacovan or Prata-anã), propagation methods (with or without ceva) and management methods (Convetional or agroecological). The randomization was performed for the following treatments distribution: Treatment 1 (T1), Banana plants of the cultivar Pacovan, with seedling propagated without "ceva" in the agroecological system; Treatment 2 (T2), Banana plants of the cultivar Pacovan, with seedling propagated with "ceva" in the agroecological system; Treatment 3 (T3), Banana plants of the cultivar Pacovan, with seedling propagated without "ceva" in the conventional system; Treatment 4 (T4), Banana plants of the cultivar Pacovan, with seedling propagated with "ceva" in the conventional system; Treatment 5 (T5), Banana plants of the cultivar Prata-anã, with seedling propagated without "ceva" in the agroecological system; Treatment 6 (T6), Banana plants of the cultivar Prata-anã, with seedling propagated with "ceva" in the agroecological system; Treatment 7 (T7), Banana plants of the cultivar Prata-anã, with seedling propagated without "ceva" in the conventional system; Treatment 8 (T8), Banana plants of the cultivar Prata-anã, with seedling propagated with "ceva" in the conventional system. The variables analyzed to evaluate the production and plant precocity in the alignment of the treatments were: TGR → total gross revenue (R$); TOP → total operating profit (R$); PI → profitability index (dimensionless); RRI → return rate index (dimensionless); EQP → equilibrium price (R$ / kg).
The total gross revenue for each treatment (TGR) is calculated through the ratio between the productivity by area of each treatment (Prodt.Ti) and the average price per kg of banana fruit sold (Eq. 01):
= . × $1.10 (Eq. 01)
The total operational profit per treatment (TOP) was obtained by the difference between the total gross income for each treatment (TGR) and the total operational cost per treatment (OPC) (Eq. 02):
The total operational costs (TOPC) for the conventional system treatments were provided by [14] and for the agroecological system by [11] (Tables 1 and 2 ).
The statistic was realized using the software STATISTICA 13® [1] . We performed an ANOVA, using the F test to compare the means by treatments and the effects of the factors (GOMES, 2009). As multivariate analysis, we used a Hierarchical clustering analysis and the Pearson coefficient and Principal Component Analysis (PCA) by the correlation matrix and coordinate factors [9] , [7] .
We described only the possibilities that best explained the results of the analyzed variables. 
III. RESULTS AND DISCUSSION
The results of ANOVA (Table 3) showed a significant effect of the method of propagation 1, at a probability level of 1%, on the total gross revenue (TGR) and total operating profit (TOP). The method of propagation 1 was composed of the forms of agroecological and conventional management. And, a significant effect of the interaction between cultivars and the propagation method 2 (C x M2P) on both variables, at 5% probability. For the profitability index (PI), significance was observed at 5% probability, for cultivars and, at 1% probability for the interaction between cultivars and propagation method 2 (C x M 2 P).
The return rate index (RRI) and equilibrium price (EQP) were not affected for any of the sources of variations studied (Table 3 ). Therefore, we will discuss only the mean values of the RRI and EQP variables. , not significant; **, significant at 1% of probability and; *, significant at 5% of probability; DF, Degree of Freedom. 2 
TGR, total gross revenue (R$); TOP, total operational profit (R$); RRI, return rate index (dimensionless); PI, profitability index (dimensionless); EQP, equilibrium price (R$/kg).
The economic analysis of the experiments revealed that, on average, the total gross revenue (TGR) of conventional management (R$ 23,623.06) exceeded 2.24 times the total gross income of agroecological management (R$ 10,521.54) (Table 4) . While, in the comparison of production costs (TOPC), the conventional management (R$ 18,786.30) surpassed 2.15 times the agroecological management (R$ 8,703.48) ( Tables 1 and  2 ). Both forms of cultivation had a gross income higher than the total operation cost (Tables 1, 2 and 4). 
Table.4: Average values of TGR and TOP in the conventional (CVM) and agroecological management (AGM) at the experiments developed in the semi-arid region of the Brazilian Northeast

TGR: total gross revenue (R$); OP: total operational costs (R$).
The total operating profit (TOP) was two times (almost four times) higher in the conventional management (R$ 4,836.76) than in the agroecological management (R $1,818.06) ( Table 4 ). The results found here showed a higher total operational profit than the results presented by [18] for bananas of the type "bananamaçã" or "apple banana" (R $ 1,468.07) cultivated in conventional management, in the region of São Paulo. The worst result, in the agroecological management, was 24% higher than the results found by [18] , and the best result, in the conventional management, exceeded by more than two times those obtained by [18] (R$ 1,976.60).
The production costs obtained in our experiments, for agroecological management [11] , represented about 47% (100 x R $ 8,703.48 ÷ R $ 18,274.21) of the total production cost in banana cultivation developed in a consortium with coffee in agroecological management in Ivinhema/MS [16] 18,274.21) were similar to the results found for the conventional management (R$ 18,786.30) [14] , [17] . The results of production costs together with the production efficiency achieved at relatively low production costs, reinforce the idea that the technological development in the cultivation system of the banana tree in the Brazilian semi-arid region has provided a higher income, besides the consolidation of regional development models based on the models of highly competitive productive poles in the country [5] .
The ANOVA results for profitability index revealed that the Pacovan cultivar exceeded the values obtained by the Prata-anã cultivar by 8% (Table 5 ). This result shows that into the decomposition between operational profit and gross revenue there must be some other predominant factor that was not clearly explained in the current study, leading to a favorable high index of the Pacovan cultivar. Factors like fruit size, fruit weight and, others, for each cultivar, may be associated with productivity and affect the profitability index, but they were not investigated in the present study. The low results of the profitability indices for Prata-anã cultivar found here (0.15) were similar to results found a study in Araçatuba, SP, while, the results found for Pacovan cultivar where 8% higher than the found for banana of the Cavendish subgroup, developed in the same local conditions [4] . The results confirm the superiority of the cultivar Pacovan for use in commercial areas of the Brazilian semi-arid (table 5).
The best results for total gross income and total operating profit were obtained when banana Pacovan was propagated by rhizome without "ceva" and banana Prataanã by rhizome with 'ceva' ( Table 6 ). On the other hand, for the profitability index, the best results were found for both Pacovan and Prata-anã with "ceva". Comparing the results of the equilibrium prices of conventional management by [4] and agroecological management (R$ 0.41/kg and R$ 0.90/kg, respectively) and the total operating profit of agroecological management (R$ 2,425.27 against R $ 1,818.06) showed unfavorable results for the proposal of production in semiarid areas using the propagation method 1 ( Table 4) . The other indices (TGR, PI and, RRI) were equal or of superior quality to those tested in the banana subgroup Cavendish of the interior of São Paulo. These results
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With the results of the hierarchical clustering ( Figure 1) we could better understand why in the economic analysis the TOP and TGR variables had similar results between them (Tables 4 and 6 ) and the results for the PI variable were divergent from the other variables studied (Tables 5 and 6 ). However, a more evident discussion between the EQP and PI variables could not be made since the ANOVA for these variables showed a non-significant effect (table 3).
Fig.1: Dendogram of the hierarchical clustering analysis for the equilibrium price (EQP), profitability index (PI), return rate index (RRI), total operating profit (TOP) and total gross revenue (TGR) for banana cultivation carried out in the semi-arid region of Northeast Brazil. 2017
The analysis of the correlation matrix of the principal components (Table 7) confirmed the lack of correlation (or low correlation) between the profitability index and the equilibrium price (-37.04%), and between the equilibrium price and the other variables analyzed. It shows, however, that there is a high correlation between total operating profit and total gross revenue (78.60%) and between total operating profit and the profitability index (85.68%), but a low correlation between total operational profit and the return rate index (44.39%).
It was also observed from the analysis that the equilibrium price has an inverse correlation with the profitability index (-93.75%) and total operating profit (-77.27%), and not a lack of correlation low correlation) as the analysis of Pearson's correlation coefficient points out. This results demonstrates that the Pearson test was imprecise to explain all the characteristics among variables proposed in the present study, but we do not completely rule out this test as a way to obtain results since the results presented in the other analyzed variables had good precision, that is, they were aligned with the results of the Principal Component Analysis (Table 7 and Figure 1 ). (Figure 1 and Table 7 ) is due to the occurrence of specificities and or demandability presented in each research proposal developed and the need for the correct choice to use one or more of the several methods available for multivariate statistical data analysis [9] , 2017; [7] .
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After analyzing the cumulative effect of the correlation factors (Table 8) , it was observed that 5 were the number of factors that explained 100% of the events of the analysis under study. And that in only 2 factors it was possible to explain 85.48% of the possibilities of the trial. For this reason, it we explain the results by only addressing the factors 1 and 2 ( Table 9 ). The analysis of the coordinate factors developed for the experiments (table 9) revealed that the variables that best explained the events studied were EQP (87.34%), TOP (-97.06%) and RRI (-94.78%). This indicates that in the whole analysis process if the equilibrium price rises, there would be a loss of total operating profit values and the profitability index of the activity. A result that is exactly expected by the application of the methodology under study. All the results obtained for the multivariate analysis confirmed what theoretical studies [9] ; [7] predict as fundamentals for the use of economic analysis in the interpretation of results of experimental data. Therefore, using the interpretation of both the economic analysis and the multivariate analysis we understand that the variables TOP and TGR were the ones that best explained the results obtained in the test. In the present study, the multivariate analysis was used to indicate that the methodology (Multivariate analysis) applied to the composition of all the economic indexes was the correct one since that the results of the analysis were expected when applied the methodology adopted.
IV.
CONCLUSIONS Based on the discussion of the results from the economic and multivariate analysis developed in the trial, we concluded that: -Both the gross revenue and the total operating profit at the conventional management showed values more than two times higher than those of the agroecological management. And, the best results were found for banana 'Pacovan' propagated by rhizome without 'ceva' and banana 'Prata-anã ' propagated by rhizome with 'ceva'; -The multivariate analysis of the test confirmed that the use of the applied methodology in the composition of all economic indexes studied was correct.
